Introduction
The phenomenal growth in cellular telephony over the past several years has demonstrated the value people place on mobile voice communications. The goal of nextgeneration wireless systems is to enable mobile users to access, manipulate and distribute multimedia content anywhere anytime. New mobile and wireless services will include Internet access to interactive multimedia, video conferencing and imaging as well as traditional services such as voice, email and web access. As the demand for mobile multimedia services grows, wireless extensions to existing broadband and Internet technologies will be required to support the seamless delivery of voice, video and data to mobile terminals with high quality. In this context, the advent of Wireless Asynchronous Transfer Mode (WATM) technology is intended to provide a direct extension of the core ATM network and services.
The realization of wireless ATM presents a number of technical challenges that need to be resolved, however. First, there is a need for the allocation and standardization of appropriate radio frequency bands for broadband communications. Second, new radio technology and access methods are required to operate at high-speed. Next, location management must be capable of tracking mobile terminals as they move around the network. Fourth, handoff algorithms must be capable of dynamically reestablishing virtual circuits to new access points (APs) while ensuring in-sequence and loss-free delivery of ATM cells. Finally, wireless ATM should provide uniformity of end-to-end quality of service (QOS) guarantees. Providing such guarantees is, however, difficult during periods of limited bandwidth, time-varying channel characteristics and terminal mobility.
Wireless ATM Working Group
In the Spring of 1996, the ATM Forum [1] created a new working group [2] to extend ATM technology to the wireless and mobile domain. During the same period the FCC announced the allocation of 350 MHz of NII/SUPERNet spectrum in the 5GHz band. This announcement, with its etiquette (i.e., spectrum sharing rules) linked to high-speed wireless access, opens the way for the future deployment of cost effective radio access to next generation Internet and broadband ATM-based networks.
The charter of the working group includes the development of a set of specifications that will facilitate the use of ATM technology for a broad range of wireless network access scenarios, both for public and private network access. The management team comprises Lou Dellaverson (Chair) from Motorola, D. (Ray) Raychauduri (Vice Chair) from NEC and Kristian Rauhala (Chief Editor) from Nokia.
Currently, the working group is focusing on two major work plans that include specifications for "mobile ATM" and the radio access layer. The "mobile ATM" section of the specification deals with suitable extensions to existing specifications for location management, handoff, routing, addressing and traffic management. As a first step the working group is considering modifications to ATM signaling for handoff and location management. The radio access layer section of the specification addresses the physical layer, medium access control, data-link control and radio resource control. The new radio will operate in the 5GHz unlicensed band at 25 Mbps and will be targeted toward indoor microcellular use.
Architecture Considerations
The major thrust of the working group over the last year has been that of addressing architectural, mobility and location management issues. Currently, the baseline specification [4] includes several reference model configurations ranging from fixed wireless ATM terminals to moving ATM switch platforms. Recently, a general functional architecture for the wireless last hop model has been accepted into the baseline text. Two architectural approaches are under consideration: an integrated model, which incorporates all mobility and radio functions into the ATM switch; and, an access model, which off-loads some functions from the switch to the AP, e.g., radio resource control. The first approach places more complexity in the switch. Conversely, the latter reduces the impact of radio and mobility functions on the switch but requires a new AP control protocol [5] to convey messages between the AP and the ATM switch.
Handoff Signaling
The aim of handoff signaling is to enable wireless terminals to move seamlessly between APs while maintaining connections with their negotiated QOS. However, in some cases, QOS re-negotiation and/or connection dropping may be unavoidable. The working group considered a number of proposed handoff schemes. After due consideration the working group has adopted a simple fast virtual connection rerouting scheme over more complex schemes that argue for richer functionality. For example, complex mechanisms used for cell forwarding between the old and new APs during handoff were shown in practice to be rarely needed [6] [7] .
At the September ATM Forum meeting, the working group arrived at a consensus on the outline of a suitable handoff algorithm [8] . The proposed style of handoff is a backward handoff through the old AP.
Location Management
Location management is also currently under discussion. The working group has considered [9] a number of proposals over the last year. Two schemes are being actively investigated. One integrates location management with ATM signaling [10] and the other partitions the address space keeping location management external to existing signaling. Existing location management solutions (e.g., like GSM/IS-41 MAP and Mobile IP) are also being investigated. While the details of location management are being worked out, it is anticipated that this will be resolved in time to include in the preliminary specification release.
Radio Access
In early 1997, the European Telecommunications Standards Institute (ETSI) created a project called Broadband Radio Access Network (BRAN) [3] to develop broadband radio local loops and other radio access systems operating in licensed and unlicensed bands at data rates between 25 -155 Mbps. The project leverages work on HIPERLAN 25 Mbps ATM LAN access in the 5.15-5.3 GHz band as well as access technologies at higher frequencies (e.g., 17.1-17.3 GHz band) and data rates (e.g., 155 Mbps). The wireless ATM working group and BRAN are combining forces to develop the radio access layer specification. BRAN will be the prime developer of new radio technology that will include advanced modulation techniques for scalable performance, new scheduled TDMA techniques for assured QOS and flexible error control strategies for meeting application-level requirements.
Future Work
The initial strategy of the working group was to prioritize the signaling extensions and location management support in the first instance. Other important issues have been raised and marked for further consideration by the team. For example, the working group has discussed the impact of wireless ATM technology on satellite and ad-hoc network-ing. The major impact of these technologies on ATM is the need for a wireless PNNI link [11] . Internetworking issues associated with WATM and existing cellular systems (e.g., PCS to ATM) have also been discussed. The aim is to provide interworking functions to connect other cellular radios to a uniform mobile ATM network [12] . An important goal of WATM technology is to provide uniformity of QOS from the core network to the mobile terminal. Wireless ATM QOS is considered to be a fundamental issue for the working group to consider in the near future.
Mobile ATM Testbeds
A number of experimental mobile ATM testbeds developed by NEC, ORL, NTT and Lucent Technologies have been instrumental in promoting the idea of wireless ATM in industry, academia and in the standards bodies.
NEC C&C Research Laboratories have recently completed the second generation of their prototype [13] which operates at 8 Mbps in the 2.4 GHz ISM-band. The experimental hardware consists of laptops with radio ATM interface cards, multiple VME/i960 processor-based APs and mobility-enhanced local area (2.4 Gbps) ATM switches. A dynamic TDMA/TDD medium access control provides explicit support for CBR, VBR and ABR services over the airinterface.
A first generation radio ATM testbed [14] from Olivetti and Oracle Research (ORL) Laboratories operates at 10 Mbps using a QPSK radio at 2.45 Ghz and mobile-capable ORL ATM switches. Slotted ALOHA with exponential backoff is employed at the MAC layer using header compression and support for CRC and ARQ for error control. The next version of this testbed will have a data rate of 25 Mbps, operate in the 5 GHz bands and have a range up to 30m instead of the current 10m.
NTT's ATM Wireless Access (AWA) prototype system [15] operates in the super high frequency (3-30 GHz) band for public and private access at data rates between 30-80 Mbps. Highly directive antennas help alleviate serious shadowing effects that are apparent at these frequencies. The AWA system is designed for high-speed access with limited terminal mobility and incorporates dynamic reservation-based TDMA, FEC/ARQ, and QPSK modulation with differential detection.
Researchers at Bell Laboratories have built two wireless ATM prototypes. The BAHAMA [16] project is focused on selforganizing networks that include portable APs that are ad-hoc in nature. The other prototype called SWAN [17] is an experimental indoor wireless ATM network based on off-the-shelf 2.4 GHz ISM band radios that operate at 625 Kbps between the base and mobile terminal.
A number of European projects are in the process of building advanced wireless ATM demonstrators. The WAND [18] demonstrator operates at up to 25 Mbps in the 5 GHz frequency band. The team is also investigating performance issues related to bit rate exceeding 50 Mbps in the 17 GHz frequency band and are active in the WATM working group and BRAN. Other European projects include the MEDIAN [19] and SAMBA [20] projects, which operate at high data rates and frequencies.
Programmable Mobile Networks
To date, little attention has been paid to the subject of how to assure QOS in the face of time-varying wireless characteristics and user mobility requirements. Columbia University is developing mobiware [21] [24] .
Conclusions
In the Fall of 1998, the International Workshop on Mobile Multimedia Communications (MoMuC'98) [23] will host a two day workshop on mobile ATM testbeds. The event promises to bring together researchers, developers and practitioners from industry and academia to discuss results from WATM testbeds and other experimental work in the field. Also, toward the end of 1998, the preliminary specifications for "mobile ATM" and the 5 GHz WATM radio access layer will appear. This will significantly speed the arrival of commercial broadband radio products on the market. The availability of such products will radically change the way we interact with multimedia content over next generation mobile networks.
